The prevention and treatment of infections of human wounds are an important issue. In this investigation five herbal plants were selected, and their antibacterial effects were elucidated. Of these five herbal plants, the morphological changes of the one with the strongest antibacterial effects were observed using a scanning electron microscope (SEM) and the differential expression of bacterial proteins treated with them was determined by two-dimensional gel electrophoresis (2D-GE). Two proteins of weakly expressed spots from the highest matching percentage of 2D-GE were identified by matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF/TOF 
Abstract

20
The prevention and treatment of infections of human wounds are an important issue. 21
In this investigation five herbal plants were selected, and their antibacterial effects 22 were elucidated. Of these five herbal plants, the morphological changes of the one 23 with the strongest antibacterial effects were observed using a scanning electron 24 microscope (SEM) and the differential expression of bacterial proteins treated with 25 them was determined by two-dimensional gel electrophoresis (2D-GE). Organization demonstrated a prevalence of nosocomial infections from 3 to 21%, 46 5-34% of which are caused by wound infections.
1,2 Accordingly, the prevention of 47 wound infection is important. Generally, the use of antibiotics is the most simple and 48 common method of treating or preventing wound infection. However, the emergence 49 of antibiotic resistant bacterial strains is a growing problem, 3,4 which has led to an 50 urgent global call for new antimicrobial drugs, particularly from natural sources. The 51 use of herbal medicines in the US has increased by 20% annually since the 1990s and 52 the sale of non-prescribed herbal medicines is estimated to be US$ 4 billion per year. 5 
53
The bacteria that are most commonly isolated from infected wound include 54
Staphylococcus aureus, Coagulase-negative staphylococci, enterococci, Escherichia. 55 coli and Pseudomonas aeruginosa.
6,7 Since S. aureus and E. coli are the most 56 common gram-positive and gram-negative bacteria that cause wound infection and P. 57 aeruginosa is an important nosocomial and highly prevalent opportunistic pathogen, 8, 9 58 these three bacteria are selected as the targets in the present study. Based on previous 59 studies, 5 
Materials and Methods
70
Preparation of plant extracts 71
The five selected plant samples that were adopted herein were purchased in January 72
2009 from a local market. Parts of the plants (whole plant, bark, root, leaves, tubers 73 and a mixture of these) were chopped into small pieces, dried in air at room 74 temperature (25 °C) in the shade and pulverized using a laboratory mill, yielding 75 300-400 g. The fine powders were separately soaked in 75% methanol (3 × 500 mL) 76
for four hours at room temperature to produce extracts. The extracts were filtered and 77 concentrated using a rotary evaporator at 50 °C and 100 mbar. Further steps in the 78 preparation were taken from a method described in a previous study. 16 The extracts 79 were transferred into freeze-drying equipment (Freeze dryer FDU-1200) 80 under aerobic conditions at 37℃, whereas solid cultures were incubated at 37℃ and 87 5% CO 2 . 88
Evaluation of antibacterial activity 89
The antibacterial activity of the extracts was evaluated using a micro-dilution 90 
Scanning electron microscopy (SEM) 113
The bacteria that were susceptible to the plant extracts were prepared for 114 examination using a SEM. Samples were prepared as described elsewhere. 22 The 115 samples were fixed in 2.5% glutaraldehyde in 0. resistance of the strip as excess ions exited it. After the first-dimension IEF, the strip 137 was washed to remove the cover oil and then equilibrated for 12~15 min in 5 ml of 138 equilibration buffer, which contained 50 mM Tris-HCl, pH 8.8, 6 M urea, 2% SDS, 139 30% glycerol, and 1% DTT. The strip was then subjected to a second equilibration, 140 using 5 ml equilibration buffer, which was like the first, but with the DTT replaced by 141 1.5% iodoacetamide, for an additional 12~15 min. Next, SDS-PAGE was run using a 142 PROTEAN II xi cell tank (Bio-Rad, USA) at 200 V for 4 h. The results were further 143 analyzed by calculating software (Image Master 2D Platinum, GE Healthcare). 
Preparation of samples and two-dimensional gel electrophoresis (2D-GE) 164
Changes in the extracellular proteins of the three aforementioned bacteria upon 165 exposed to Lithospermi radix were determined. Table 2 (Fig. 4) . The treated E. coli cells also exhibited no apparent morphological change 184 (Fig. 5) , maintaining a regular rod shape, but their number and length decreased. In P. 185 aeruginosa, cells appeared to aggregate with multiple connected filaments and to 186 deform upon treatment with Lithospermi radix (Fig. 6) . 187 188
Proteomic analysis of S. aureus treated with Lithospermi radix 189
To identify changes to bacterial proteins that are caused by treatment with 190
Lithospermi radix, a proteomic analysis of S. aureus was performed. Candidate 191 proteins from decreased spots that are involved in the bactericidal mechanism of13 and after treatment with Lithospermi radix (Fig. 1) Table 1 The MIC and MBC of plant extracts against reference strains. 336 Table 2 The concentrations of plant extracts for treating bacteria in 2D-GE analysis. 337 Table 3 The summary of 2D-GE analysis in plant extracts treated bacteria. 338
